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VAL-UABLE information has accrued"from comparison ofthechemichIl charac-
teristics ofexperimental nioplasms with their tissues ofhistogenesis (Greenstein,
1947). Man ofthe chemicalp.qcedures performed previously will undoubtedly y
be repeated on material obtainedfrom man in order to increase ourknowl6dge of
clinical cancer. Specimens obtainedfro'm thesurgicaloperating room seemideal,
theoretically, for a comparative study of the free amino-acids in neoplastic and
iiormal tissues because both are obtained from the same individual underidentical
circumstances. It was found, however, thatspecimens ofthe same normal tissue
and similar cancers from different people yielded exceedingly variable amino-acid
patterns on two-dimensional paper partition chromatograms prepared in the
manner first described by Consden, Gordon and Martin (1944) and elaborated by
Dent (I948).
Each of seven carcinomas of the colon, for instance, contained free alanine,
aspartic acid, eystine, glutamic acid, glycine, serine and valine, as did the non-
cancerous colonic mucosa removed from the same surgically resected specimens.
Repeated analysis of a single neoplasm or normal tissue gave highly reproducible
resiilts, but the findings among the group of carcinomas of the colon and colonic
mucosas were inco-nsistent. Only 7 amino-acids could be identified in extracts
made from one cancer, whfle 17 were found in extracts ofanother. Intermediate
numbers between these two extremes were observed. There was no detectable
difference between the quahty of the free amino-acids isolated from a carcinoma
and normal mucosa when both tissues were removed from the same surgical
specimen. The sametechnique apphed to the study offree amino-acids extract-
able from gastric and mammary carcinomas, and their tissues of histogenesis
gave similar results. Thissuggested that thevariabihty observed in these human
tissues might be caused by the duration of ischaemia prior to their excision.
Surgical technique frequently requires early occlusion of the blood supply to an
area to be excised, and extirpation of a tumor is often accomphshed only after
the tissues have been ischaemic for some time.
The effect of ischaemia on the quahtative free amino-acid content of organs
and tissues was investigated. Homolateral femoral, renal and spermatic arteries
and the superior mesenteric artery of each of three anaesthetized rabbits which
had beenfasted 48hours were occluded. Pieces ofmuscle,kidney, smallintestine
and testis were excised immediately and at intervals of 15 minutes thereafter.
Similarpieces oftissue were removed at 15-minute intervals from a control rabbit149 FREE AMINO-ACIDS IN ISCHAEMIC TISSUES
in which no vessels had been occluded to make certain that any increaseinamino-
acids could be attributed to ischaemia and notsolely tochanges in the cut surfaces
ofthe tissues. Each specimen was froze-n at once.
The frozen specimens were dried in vacuo and ground through a 60-mesh
screen in a Wiley mill. One millilitre of i-8 per centethanol was used for the
extraction of each 100 mg. of dried, ground tissue. This proportion insured
chrom-atograms ofsatisfactory colorintensity. Ethanol was used for the extrac-
tion because it is believed to be a solvent which causes minimum proteolysis
during denaturation of protein. A 78 per cent, solution has been found to be
optimal for solubility of the amino-acids and for the extraction of non-protein
nitrogen only.
A two-dimensional chromatogram on Whatman No. I filter-paper was pre-
pared from each ofthe extracts. Of 30 per cent hydrogen peroxide 100 [LI. were
superimposed on this spot to effect conversion of cystine and methionine to
cysteic acid and methionine sulfone respectively, which.yielded discrete spots on
the chromatogram (Dent, 1948). Tryptophanewas'u'sually obscured by phenyl-
alanine and the leucines. Phenol and equal parts of y-collidi-ne and 2,4-lutidine
were the solvents used for the mobile phase.
The aniino-acids that could be extracted with 78 per cent ethanol varied with
the source of the tissue, but were constant o-ver a period of one hour in those
organs and tissues in which the blood supply had not been occluded. Ischaemia,
however, produced a variablepicture which could be correlated with the duration
of anoxia. New amino-acids appeared at varying intervals in each of the four
tissues'studied, and-thechanges were consistent foteach tissue in aR of the rabbits
studied. The results are presented in Table 1. No attempt was made to deter-
mine thealpha-amino nitrogen hberated by this procedure, b-ut the size and color
intensityofthe spots became greater as ischaemia was prolonged,suggesting that
the concentration ofthose amino-acids present atthebeginning oftheexperiment
may have increased.
Although the extra'ctable amino-acids differ with different tissues, as Roberts
and Frankel (1949) have shown, the amino-acids which are liberated by acid
hydrolysis from each ofthe tissues analysed are similar.
Proteolysis occurs under conditions of low oxygen tension and acid reaction
(Ma-ver, Johnson and Voegtlin, 1935 ; Engel, Ham'son And Long, 1944 ; Russell,
Long andEngel, 1944). Thes'e conditi'ons obtain'when anorgan ortissue becomes
ischaemic (WaHace,Dale,Laidlaw, Richards,'Bayliss andCannon, 1919 ; Bradley,
1922 ; Chen and Bradley, 1924 ; MacLeod,, 1930). Stoner! and Green (I948)
reported an average inctease of 123 per cent in the tyrosine'content ofunhydro- lyzed rat muscle after the blood supply had been oc'clude(ffor 5 hours. They found that muscle temperature and pH decreased with isch-aemia. Proteolysis found during ischaemia may be.caused by accelerated enzyjnic degradation in a
more acid medium as the optimum H of tissue cathepsins hes between 4 and 5
(Willstiitter and Bamann, 1929)., In any event ischaemia m,4y alter the chemical
characteristics ofatissue.
8UMMAIM'
The number of free amino-acids extractable from clinical cancers of similar
histogenesis -varied widely, due apparently to deliberate occlusion of the arterial
supply in the,course. of surgioal excision. Ischaemia promoted proteolysis in150 H. A. DAVIS AND G. B. MIDER
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rabbit tissues, since it increased consistently the number bffree amino-acids that
could be extracted from kidney, skeletal muscle, small intestine and testis.
We wish to express our thanks to the Donner Foundation Incorporated for a
grant supporting this investigation.
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